Mongolian gerbils (28 males) were divided into four groups, control (C), treadmill-exercised (Ex), treated with the extract of Diospyros kaki (Dk), and exercised plus treated with the Dk extract (Ex+Dk). Animals of the respective groups were running-exercised for 30 min per day during 8 weeks, and the Dk extract (dose 20 mg/kg) was given by gavage during five days per week within the same period. After the treatment and exercise period, an epilepsy model was produced by penicillin G injection (500 IU) into the left somatomotor cortex, and the electrocorticogram (ECoG) was recorded during 120 min. The mean frequency of spike/wave complexes was significantly smaller in the Ex and Ex+Dk groups from the 65th min of the observation period and, in the Dk group, from the 75th min than the respective value in the C group (P < 0.01, P < 0.05, and P < 0.01, respectively). The differences in the amplitude values and latency to onset of the spike/wave events among all groups did not reach the significance level (P > 0.05). Thus, both the running exercise and Dk extract applications inhibit penicillin-induced epileptiform activity by altering the spike/wave frequency or severity of seizures observed in ECoG recordings. Further studies are needed to determine the effects of physical activity of different intensities and forms and to analyze the active compounds in the Dk extract.
INTRODUCTION
Epilepsy is a widespread neurological disease, affecting about 1% of the general world population. The disease is manifested in abnormally excessive, and hypersynchronous electrical discharges of neuronal groups in cortical and subcortical regions of the CNS and (usually) in repetitive behavioral seizures [1] . The pathopysiological mechanisms of epileptic seizures have been studied only to a limited extent, and the etiological approach to the treatment of this disease has not been developed in many cases. Thus, the treatment of this disease is usually performed pharmacologically by using antiepileptic drugs providing suppression of the seizures [2] .
A number of mechanisms responsible for the pathogenesis of epilepsy has been suggested. Although at present there is no absolutely effective and safe pharmacological treatment of epilepsy, important pharmacotherapic developments for the disease have been appeared within last years. In the treatment of this disease, some alternative options, except for "standard" antiepileptic drugs, began to be applied. [3] [4] [5] . About 20-30% of patients suffering from epilepsy are resistant to drug treatment. Thus, a search for novel therapeutic methods helpful in the treatment of epilepsy is at present rather urgent [6, 7] . Tolerance to the drugs used and the development of significant side effects are frequently observed. It has been reported that a number of factors, in particular regular physical exercise activities [5, 8] , some vitamins (E, C, and B6), supply with magnesium, manganese, taurine, and dimethylglycine, nutrients containing omega-3 fatty acids, and certain antioxidant agents, may help physicians to reduce the seizure intensity in many cases of epilepsy [4, [9] [10] [11] . Thus, some natural curative approaches can appear significant supplementary measures for at least a part of the patients suffering from this disease. Fruits of Diospyros kaki (Dk, Japanese, or Chinese, persimmon) are rich in carbohydrates (14 to 20 g per 100 g of their mass) and in vitamins A, B, and C [12] . This product also contains significant amounts of terpenoids, carotenoids, flavonoids, tannins, napththoquinone, steroids, amino acids, minerals, and lipids [13, 14] . It has been shown that the extract obtained from leaves of Dk exerted a protective effect against excitotoxic injury caused by excessive glutamate in hippocampal and cortical neurons, neuronal injury resulting from ischemiareperfusion, and that related to middle cerebral artery infarction; this was demonstrated in both in vivo and in vitro studies [15, 16] .Moreover, Dk products contain proanthocyanidins, a flavonoid oligomer, tannin, phenolic acid, and catechins. It has been reported that these substances have a potential to play an important role in protecting against diseases related to oxidative stress [17, 18] .
We tested the effects of the two above-mentioned factors (physical exercise and Dk extract) on an experimental penicillin G-induced epilepsy model in gerbils using electrophysiological methods. According to our knowledge, this aspect has not been observed in any study of neuroprotective actions against convulsive disorders. The penicillin model of experimental epilepsy was preferred because it reproduces relatively adequately the epilepsy-related seizures observed in humans [19] .
METHODS
Animals, Dk Plant Material, and Extraction. Twenty-eight 10-week-old male Mongolian gerbils (mean body mass 41±7 g) were supplied by the Medical and Surgical Research Center of the Abant Izzet Baysal University.
Fruits of Dk were collected from Trabzon (Turkey). The fruits were peeled, freeze-dried, and lyophilized using a freeze-dryer at -65°C, and then dispersed into a powder. The powdered plant fruit material (330 g) was extracted by 900 ml of ethanol in a water bath at 45°C for 18 h and then filtered. The filtrate was evaporated under vacuum using a rotary evaporator at 65°C, then dissolved in 20 ml of distilled water, and lyophilized. The dry extract was stored at -20°C prior to the experiments. In the latter, it was dissolved in saline and given to the animals by gavage five days per week during two months; the daily dose was 20 mg/kg.
Experimental Groups and Exercise Training
Program. A CE (Conformité Européenne)-certified four-lane animal treadmill (Commat, Turkey), having adjustable settings for the rate, distance, running time, speed, and inclination and provided with built-in memory to store the data, was used in the experiments. In order to avoid any stress that may possibly arise in the course of physical exercise, all gerbils were preliminarily subjected to a conditioning exercise series at the lowest speed 5-min-long sessions during 10 days. The animals were randomly divided into four groups (n = 7 in each), namely sham (control, C), treated with the Dk extract (Dk), exercised (Ex), and exercised plus the extract (Ex+Dk) ones.
To prevent avoidance reactions, the animals were subjected to incremental electrical shocks (1-6 mA) to continue running behavior on the treadmill. After the treadmill adaptation period, controlgroup gerbils were put in cages with the standard conditions until surgery, while the exercised groups continued to be trained according to the treadmill exercise protocol [21] . Gerbils in the exercised groups were forced to run on the treadmill for 30 min once a day for eight consecutive weeks. The exercise workload consisted of running at the speed of 2 m/min for the first 5 min, 5 m/min for the next 5 min, and then 8 m/min for the last 20 min with a 0 degree inclination.
Penicillin G-Induced Epilepsy Model and Electrocorticography. Gerbils were anesthetized with 1.25 g/kg urethane (Sigma Aldrich, USA, i.p.) and placed in a stereotaxic frame (Harvard Apparatus, USA) under spontaneous respiration. Incision regions were infiltrated with prilocaine hydrochloride to prevent possible pain. A 3 cm incision was created on the skull in the rostro-caudal direction; soft tissues were removed, and the bregma (reference point) was identified. Under stereotaxic guidance, two stainless-steel screws were placed over the left somatomotor cortex (the first screw 3 mm lateral and 4 mm rostral to the bregma, and the second screw 3 mm lateral and 4 mm caudal to that), and a bipolar electrode was connected to the screws. After examination of brain basal activity with a Power Lab data acquisition system, a 1-mm-hole (1.5 mm left lateral and 1.5 mm caudal to the bregma) was opened in the skull. Penicillin G potassium salt (Sigma Chemical, USA, 500 IU dissolved in sterile physiological saline) was injected into the opening (1 mm vertical with respect to the brain surface) by a Hamilton microsyringe (volume 2.5 µl). The drug dosage was determined according to Miao et al. [16] .
The ECoG recordings were taken by two Ag-AgCl ball electrodes. These electrodes were placed over the left motor cortex (2 mm lateral to the sagittal suture, 1 mm anterior, and 5 mm posterior to the bregma). The common reference electrode was fixed on the left pinna. The ECoG signals were amplified by a BioAmp and transferred to a Power Lab 8/SP (both from AD Instruments, Australia) data recording system. The ECoG activity was continuously recorded during 120 min, displayed, and stored using a computer. The frequency (min -1 ) and amplitude (mV) values of spike/wave complexes and the latency (sec) of onset of the first spike/wave event for each animal were automatically measured using a data acquisition Chart v.5.1.1 system (Power Lab software; AD Instruments, Australia) and analyzed offline.
Statistical Analysis. The frequency (min -1 ), amplitude (mV) of spike/wave complexes, and latency (sec) to onset of the first spike/wave event were gathered from animals of all groups and converted to a scaling percentage in a timedependent manner. All statistical procedures were performed using the Statistical Package of SPSS, version 21 (SPSS Inc., USA) software. The normality of the data distributions was tested with the one-sample Kolmogorov-Smirnov test before analyses. After verifying the normality, one-way analysis of variance (ANOVA) and the TukeyKramer post-hoc test for multiple comparisons were performed. Numerical data are expressed below as means±s.e.m. For all statistical comparisons, P < < 0.05 was considered significant.
RESULTS
We used the penicillin model of epilepsy, which was previously used in the Medical and Surgical Research Center of the Abant Izzet Baysal University [4] . As was already observed in previous studies, intracortical (i.c.) injection of 500 IU/2.5 µl penicillin induced a clear epileptiform activity approximately 5 min after injection. The activity reached a constant level in 30 min and lasted for 3-5 h. Such ECoG activity was characterized by the presence of bilateral spikes and spike/wave complexes generated against the baseline activity; ECoG was recorded during 2 h (Fig.1) .
The spike/wave frequency and amplitude values and the latency to onset of the first spike/wave event were measured from the ECoG recordings. In the Ex and Ex+Dk groups, the spike/wave frequency was significantly lower than that in the C group from the 65th min until the end of recording (120th min; P < < 0.01 and P < 0.05, respectively). In the Dk group, the spike/wave frequency was significantly lower (P < 0.01) than that in the C group from the 75th min to the end of the 120th min. Finally, the spike/ wave frequency values were significantly smaller (P < 0.01) in the Ex, Dk, and Ex+Dk groups, as compared with the respective index in the C group (Table 1, Fig. 2 ). When we evaluated values of the spike/wave amplitude (mV), we found that these values were lower in the Ex, Dk, and Ex+Dk groups than that in the C group. These differences, however, did not reach the significance level (P > 0.05), except for that at the 20th min (Table 2, Fig. 3 ).
The differences in the latency (sec) to onset of the first spike/wave complex among all groups also did not reach the significance level (P > 0.05; Fig. 4 ).
DISCUSSION
Results of experimental investigations of epilepsy in animal models provided important information regarding epilepsy pathogenesis [20] . The aim of our study was to identify the separate and common effects of physical treadmill exercise and treatment with the Diospyros kaki (Dk) extract on penicillininduced epileptiform activity in Mongolian gerbils; ECoG recording was used for this purpose.
As was reported, flavonoids derived from bark and leaves of persimmon (Diospyros kaki) exerted favorable effects in the cases of brain damage, cerebral ischemia, and thrombosis [15, 16, 23, 24] . Bei et al. [15] found that a flavonoid obtained from the Dk extract, FLDk-P70, demonstrated a protective effect counteracting glutamate-induced excitotoxic neuronal death of cultured hippocampal neurons; it also reduced the dimension of lesions in the rat brain hemisphere. It was suggested [16] that flavonoids from persimmon leaves can elevate the tolerance to ischemia by reducing vascular endothelial injuries and inflammatory reactions. It was also demonstrated [23] that the extract exerts protective effects against oxidative stress at the level of cellular compartments and DNA. Considering the above-mentioned findings, it was thought that active constituents of the Dk extract may help to reduce epileptiform activity because of their strong antioxidant effects that reduce free radical production [24] . Our results allowed us to hypothesize that some agents, such as proanthocyanidins, a flavonoid oligomer, tannin, phenolic acid, and catechin found in persimmon (Diospyros kaki) fruit, might provide some reduction of epileptiform activity [17, 18] .
In the literature, there are a number of reports that systematic physical activity can reduce, to some extent, epileptiform activity and suppress epileptic seizures [5, [26] [27] [28] [29] . Silva et al. [5] found that preliminary treadmill exercise provided protective effects against oxidative stress after traumatic neuronal injury and against PTZ (pentylenetetrazol)-induced seizures in the respective epilepsy model. Similarly, Souza et al. [25] demonstrated that forced swimming training significantly increased the latency and alleviated the duration of generalized seizures in the PTZ-induced epilepsy model. These authors found that physical exercise significantly decreased the spike/wave amplitude values in the above model [25] . In our study, the spike/wave frequencies (min -1 ) in the Ex, Dk, and Ex+Dk groups were significantly lower than the respective index in the C group (P < 0.01; Table 1 , Fig. 2 ). In addition, there were some differences between these groups in the amplitude values and latencies to onset of the spike/wave events, but such dissimilarities did not reach the level of statistical significance (P > 0.05; Table 2 , Fig. 3 and Fig. 4 ). These data indicate that application of the Dk extract and treadmill exercise, both solely and in combination, significantly decreased the spike/wave frequency in the epilepsy model tested, while the respective effects on the amplitude and latency of ECoG epileptiform events were noticeably weaker.
Arida et al. [26] reported that physical exercise provided reduction in the number of epileptic seizures in a pilocarpine-induced epilepsy model; this is a noticeable positive effect of nonpharmacological treatment preventing epileptic seizures. Additionally, Eriksen et al. [3] stated that regular physical exercise (such as aerobic dancing with strength training and stretching) significantly diminished the frequency of seizures in 15 women with a pharmacologically persistent epilepsy form. It is thought that the positive effect of physical exercise on epileptiform activity is a result of increased cerebral blood flow and of intensified release of amino acids and endogenous peptides across the blood-brain barrier; these changes are formed due to certain stimulation-related modifications of cerebral neuronal mechanisms [27, 28] . Also, physical exercise prevents, to some extent, age-related degeneration of cerebral structures due to stimulation of plastic modifications in synapses and nerve endings [29] . So, forced treadmill exercise provided significant reduction of epileptiform activity manifested in terms of a decrease in the mean spike/wave frequency in gerbils in our model of epilepsy. These changes were most significant within certain time intervals (form the 65th min in the Ex and Ex+Dk groups and form the 75th min in the Dk group). Although the statistically significant reduction in the Dk groups was observed 10 min later than that the Ex group, more intense reduction of epileptiform spike/wave activity was found from the 80th min in the Dk group (Table 1, Fig. 2 ). In general, it was found that a combination of preliminary regular and programmed physical (treadmill) activity and phytothreapy (treatment with the Dk extract) more intensely inhibited penicillin-induced epileptiform activity by altering the mean spike/wave frequency.
Therefore, results of our study demonstrated that treatment with the Dk extract (containing a number of potentially active constituents) and systematic treadmill exercise significantly decreased the frequency of spike/wave complexes in epileptiform activity induced by penicillin applications in the cortex in gerbils. This preliminary study indicates that the active agents present in persimmon (Diospyros kaki) fruits may be a significant accessory mean in the treatment of neurological diseases. According to our experimental findings, we suggest that the Dk extract should be further investigated from the aspect of its active ingredients and relationships among the latter, in order to explain the mechanisms of action of these ingredients on epileptiform activity. We think that a combination of intensified controlled and regular physical activity and certain diet programs including the respective food products (persimmon fruits, in particular) can improve, to a noticeable extent, the living standards of epilepsy patients. The results of our study may be useful in accumulating experience with respect to effective phytotherapy of epilepsy using plant-derived products.
